Licorice (Glycyrrhiza glabra), Pulasari stem bark (Alyxia reinwardtii) and Sembung leaf (Blumea balsamifera) are traditionally used to treat gastrointestinal disorders. The aim of the study was to investigate gastroprotective effect of hot water extracts combination of those herbal against aspirin-induced gastric ulcer model in rats. The combination consisted of fixed doses of Licorice 273 mg/kg BW and Sembung leaf 457.5 mg/kg BW, and also consisted of Pulasari stem in various doses i.e. 100 mg/kg BW (first group), 200 mg/kg BW (second and sixth group) and 300 mg/kg BW (third group). The fourth grup rats received sucralfate 360 mg/kg BW. Ten minute after seven consecutive days of drug administration, the rats were induced with aspirin 450 mg/kg BW except sixth group rats. The fifth group rats only received aspirin without any protective agents. The number and area of gastric ulcers were evaluated macroscopically. Whereas, histopatological observation was used for evaluation of mucosal damage score, and the number of eosinophils and mast cells. In the study, herbal extracts combination markedly exhibited protective effects indicated by less number and smaller area of gastric ulcers in comparison to those of aspirin group (P < 0.05). The score of mucosal damages were also decreased in herbal extracts combination groups. The number of eosinophils and mast cells of herbal combination groups were observed to be smaller than those of aspirin group (P < 0.05). In conclusion, herbal combination of Licorice (Glycyrrhiza glabra), Pulasari stem bark (Alyxia reinwardtii) and Sembung leaf (Blumea balsamifera) is potential to develop as a gastroprotective agent.
mucosal defense for the acid and pepsin. Some cases of the use of sucralfate cause side effects such as constipation and hypophosphatemia. 4 In Indonesia, the use of traditional medicine in the community has been increasing every year. Some of them are already used in the formal health system including for the treatment of peptic ulcer. Some traditional medicine widely used for treating gastric ulcer are licorice (Glycyrrhiza glabra), Pulasari stem bark (Alyxia reinwardtii), and Sembung leaf (Blumea balsamifera). These plants grow widely in some areas of Southeast Asia countries including Indonesia. Reportedly, licorice exhibited antiulcerogenic effect by increasing mucin secretion and prostaglandin E2 release and decreasing leukotrienes. 5 This plant also exhibited antioxidative and anti-inflammatory activities, which also play roles in its antiulcerogenic effect. These activities are closely related to its flavonoid contents. 6, 7 Due to its potent gastroprotective activity, the plant is used as the basis of antiulcer agents for treating peptic ulcer. 8 This medicinal plant is often combined with other plants for this purpose. 9 Pulasari stem bark has been reported to contain high content of coumarin compounds such as 3-hydroxycoumarin derivatives. These compounds exhibit antioxidative activities by scavenging several free radicals and inhibiting human lowdensity lipoprotein peroxidation. 10, 11 Sembung leaf is empirically reported in Medicine Plant of Myanmar for the treatment of gastric ulcer. Based on these facts, this study aimed to investigate the protective effect of hot water extracts combination of licorice (Glycyrrhiza glabra), Pulasari stem bark (Alyxia reinwardtii), and Sembung leaf (Blumea balsamifera) against aspirin-induced gastric ulcer model rats.
Materials and Methods Materials
Licorice (Glycyrrhiza glabra), Pulasari (Alyxia reinwardtii), and Sembung (Blumea balsamifera) were collected from July to August 2012 from areas around Tawangmangu, Karanganyar, Central Java, Indonesia. The plants were identified by a botanist at the Medicinal Plant and Traditional Medicine Research and Development Center, Karanganyar, Central Java, Indonesia. The voucher specimens were stored in the herbarium of the department. Sucralfate was purchased from PT Kalbe Farma Tbk Indonesia, whereas aspirin (inducer for gastric ulcers), hematoxylin, eosin, lithium carbonate, Canadian balsam, and toluidine blue were obtained from Sigma Chemical (St Louis, MO).
Animals
Male Wistar rats (150-200 g) aged 2 to 3 months were used in the study. The rats were obtained from the Laboratory of Pharmacology and Toxicology, Department of Pharmacology and Clinical Pharmacy, Faculty of Pharmacy, Universitas Gadjah Mada, Indonesia. They were housed at constant temperature (22 + 2 C) and constant relative humidity (55 + 10%), automatically controlled in a 12:12 hour light-dark cycle (light on at 7:00 AM). The rats were fed with a standard laboratory food and water ad libitum. Ethical clearance for the animal study was obtained from the Research Ethics Committee, Agency for 
Experimental Design
Thirty male Wistar rats were acclimatized and quarantined to the experimental laboratory for 8 days for acclimatization. They were randomly assigned into 6 groups as given below: All drug treatments were administered orally for 7 days. Ten minutes after the administration of these drugs, the rats were induced with aspirin 450 mg/kg BW, except for the rats in the sixth group. At the end of the experiments (day 8), after 10 hours of fasting, the rats were sacrificed for macroscopic and microscopic evaluations of the gastric mucosal lesions. The stomach was excised and opened along the greater curvature. The mucosa was then observed for possible damage. The number and area (mm 2 ) of the gastric ulcers were counted and measured macroscopically.
Histological Observation
The stomach tissues were fixed in 10% buffered formaldehyde. The fixed tissues were processed in a paraffin tissue-processing machine to provide pieces of desired size (4 mm). Subsequently, a section of the stomach tissue was deparaffinized in xylene and dehydrated with a series of alcohol concentrations. The paraffin sections were stained with hematoxylin and eosin or toluidine blue for histological evaluation under a light microscope (Olympus BX51, Tokyo, Japan) with a magnification of 100Â. Hematoxylin and eosin staining was used for the evaluation of microscopic mucosal damage and the number of eosinophils, whereas toluidine blue staining was used for counting the number of mast cells. The mucosal damage was observed and scored based on a previous study. 12 
Statistical Analysis
All experimental data are shown as mean + standard error of the mean. Statistical analysis of the data used one-way analysis of variance followed by the least significant difference test. P values of less than .05 were considered as significant.
Results

Macroscopic Evaluation of Gastric Ulcers
In the study, macroscopic observation was used for determining the number and size of gastric lesions. Oral treatment of aspirin at a dose of 450 mg/kg BW markedly induced gastric ulcer on the mucosa (Figure 1 ). The group that received only aspirin without any protective agents was the negative control. Treatment of herbal extract combinations for 7 days succeeded in decreasing the aspirin-induced gastric lesions, as indicated by the smaller number and size of gastric lesions in comparison to the negative control (Figures 1 and 2) . These gastroprotective effects were dose-dependent. Sucralfate, a cytoprotective agent for peptic ulcer, also decreased the mucosal damage due to aspirin induction. Comparison of the gastroprotective effects of all treatments regarding the number and size of gastric lesions is shown in Figure 2 .
Histological Observation of Mucosal Damage
In line with previous macroscopic observations, oral treatment of aspirin could initiate gastric ulcers indicated by erosion of gastric mucosa (Figure 3 ). However, treatment of herbal extract combinations avoided the mucosal erosions. Sucralfate also could reduce the evidence of gastric ulcer and mucosal erosions. The gastroprotective effect of the herbal extracts combination was higher than that of sucralfate ( Figure 4 ).
Number of Mast Cells and Eosinophils in the Mucosa and Submucosa
Aspirin treatment could increase the number of mast cells in the submucosal layer (Table 1) . Mast cells, multifunctional immune cells, are related to inflammatory processes. Mast cells can release some inflammatory mediators such as histamine, leukotrienes, serotonin, and proteases. Aspirin also stimulated the increase of eosinophil in submucosal and mucosal tissues. The higher number of eosinophil in these tissues was closely related to the evidence of inflammatory processes in gastric mucosa ( Table 1) . Treatment of herbal extracts combination or sucralfate could prevent the increase of the number of mast cells and eosinophil in comparison to that in the negative group ( Figures 5 and 6 ).
Discussion
To date, attempts to develop traditional medicine is increasing every year, including extraction and isolation active compounds from herbs, herbal combinations, in vitro and in vivo bioassays for screening pharmacological effects and investigation of their mechanisms, toxicological study, and clinical trial. Indonesia has the second largest biodiversity in the world including medicinal plants. The medicinal plants are widely 
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ProtecƟon against gastric mucosal damage (%) used by many people for the treatment of several diseases including gastric ulcer either in single form or in combination form. In Indonesia, herbs used for traditional medicine are known as Jamu. Some traditional medicinal plants that have been used empirically for the treatment of gastric ulcer are licorice (Glycyrrhiza glabra), Pulasari stem bark (Alyxia reinwardtii), and Sembung leaf (Blumea balsamifera). In this study, these plants were combined and evaluated for their potency of gastrointestinal effect against aspirin-induced gastric ulcer model rats.
In this study, a gastric ulcer model was initiated in rats by using aspirin. The long-term use of aspirin even at low doses is related to some clinical features of gastroduodenal injury. Aspirin decreases the level of gastric mucosal prostaglandin and causes gastric mucosal damage in long-term therapy. Reportedly, the incidence of gastrointestinal injury and bleeding is increasing. The mechanisms of action of nonsteroidal anti-inflammatory drugs and aspirin are related to the inhibition of cyclooxygenase (COX)-1 and cyclooxygenase (COX)-2. Inhibition of COX-1 is related to the pathogenesis of mucosal damage including reduction of mucosal flow, decrease of mucus and bicarbonate secretion, and impaired platelet aggregation. Pathogenesis related to the inhibition of COX-2 is reduction of angiogenesis and increase of leukocytes adherence. Epithelial damage is directly related to acid back diffusion and impaired platelet aggregation. Aspirin inhibits more potently on COX-1 than on COX-2. 13, 14 The pathogenesis of gastric ulcer involves the role of inflammatory mediators. Mucosal cells produce proinflammatory chemotactic as inflammatory mediators that can attract more leukocytes such as eosinophil. Nonsteroidal antiinflammatory drugs stimulate granulocytes infiltration into the mucosa by inducing some inflammatory processes such as expression of cytokines (tumor necrosis factor-a and interleukins) and adhesion molecules on leukocytes and endothelial cells. 1, 15 Indeed, infiltration and activation of eosinophils occur at the margin of newly formed ulcers. 16 Mast cells are multifunctional immune cells related to expression of high-affinity immunoglobulin E receptors and are responsible to release potent inflammatory mediators such as histamine, serotonin, leukotrienes, and proteases (tryptase). 17 Mast cells are an important substance contributing to the pathogenesis of many gastrointestinal diseases including peptic ulcer. Mast cells play an important role in the development and healing of gastric ulcers. The number of mucosal and connective tissue-type mast cells in the stomach increased in acetic acid-induced ulcer in rats. 18, 19 In this study, the herbal extracts combination was treated in rats in the absence and presence of aspirin. Administration of herbal extracts combination in the absence of an ulcer inducer aimed to evaluate the direct effect of the combination on gastric mucosa. Based on the results, there is no evidence of gastric mucosal damage or irritation due to the herbal extracts combination. The herbal extracts combination prevented mucosal injury in the presence of aspirin. Reportedly, Glycyrrhiza glabra exhibited a potential gastroprotective effect in preclinical and clinical studies. The mechanisms related to its antiulcerogenic effect were increase of mucin secretion, increase of prostaglandin E2 release, and decrease of leukotrienes. 5, 20 Its gastroprotective effect is closely related to its antioxidative and anti-inflammatory activities. The flavonoids content in Glycyrrhiza glabra is thought to play a role in these activities. 6, 7 Glycyrrhiza glabra is often used as the basis of antiulcer agents, especially in combination form for treating peptic ulcer. 8, 9 Alyxia reinwardtii stem bark and Blumea balsamifera leaf consist of flavonoids. Empirically, the herbs have been used for gastric ulcer therapy. The flavonoids exhibited gastroprotective effect in their antioxidative activity, especially through scavenging of hydroxyl radicals. 21 Besides, flavonoids also contribute to increase the amount of gastric mucus glycoprotein and inhibition of prostaglandin production. 22 The action of aspirin and nonsteroidal anti-inflammatory drugs is related to enhancement of reactive oxygen species in the gastric mucosa. 23 Increased free radical production contributes in inflammatory progression during gastric ulcer injury. 24 Alyxia reinwardtii stem bark also contains high amounts of coumarins such as 3-hydroxycoumarin derivatives. These compounds exhibit antioxidative activities by scavenging several free radicals and inhibiting human low-density lipoprotein peroxidation. 10, 11 Based on these data, the herbal extract combination succeeded to protect mucosal damage, avoid the increase in the number of mast cells, and eosinophil mobilization.
In this study, the gastroprotective effect of the herbal combination was compared to sucralfate, a cytoprotective agent indicated for peptic ulcers therapy. 4 Based on the results, the effect of the herbal combination tends to be better than that of sucralfate. The binding of sucralfate to aspirin is not considered to be a factor regarding its protective effect against aspirininduced gastric ulcer. Its mechanism is related to stimulation of an increase of mucosal prostaglandin E2 synthesis, secretion of bicarbonate, and mucus secretion. 25 In conclusion, combination of hot water extracts of licorice (Glycyrrhiza glabra), Pulasari stem bark (Alyxia reinwardtii), and Sembung leaf (Blumea balsamifera) exhibited potential activities to protect mucosal damage, avoid the increase of the number of mast cells, and eosinophil mobilization in aspirininduced gastric ulcer model rats. The present findings provide information on the pharmacological effects of plants originating from Southeast Asia, especially Indonesia. The main sources of new drugs are mainly from medicinal plants and synthesis processes. [26] [27] [28] [29] The Southeast Asia countries have the biggest biodiversity in the world including medicinal plants and intensive studies are being carried out on some medicinal plants. [30] [31] [32] [33] [34] [35] 
